Analytical formula for multiplicity distribution is derived in the QO approach, where chaotic and coherent fields are contained. Observed charged multiplicity distributions in Au+Au collisions at √ s = 200 AGeV and in pp collisions at √ s = 900 GeV are analyzed by the formula. Chaoticity parameters in the inclusive events estimated from the analysis of multiplicity distributions are compared with those estimated from the analysis of observed two-particle inclusive identical particle correlations.
Introduction
In high energy nucleus-nucleus (AA) collisions or hadron-hadron collisions, Bose-Einstein correlations of identical particles are considered as one of the possible measures for the space-time domain where identical particles are produced. As the colliding energy of AA collisions increases, thousands of identical particles can be produced in an event. Then, the production domain of those particles can be analyzed precisely event by event, or among the events with fixed multiplicity. Up to the present, most of theoretical approaches to identical particle correlations at fixed multiplicity are investigated in the case of purely chaotic field [1, 2, 3, 4] .
One of the theoretical approaches to the Bose-Einstein correlations is made on the analogy of the quantum optics [5] , where two types of sources, chaotic and coherent are introduced. A diagrammatical method, based on the Glauber-Lachs formula [5] , has been proposed [6] to find higher order BoseEinstein correlation (BEC) functions. In Ref. [7] , the generating functional (GF) for the momentum densities in the inclusive events is derived, and a diagrammatic representation for cumulants is proposed. Identical particle correlations at fixed multiplicity are formulated in [8] .
In the present paper, analytical formula for multiplicity distribution, which is identified to the Glauber-Lachs formula, is derived. A relation between the chaoticity parameter p sm in the semi-inclusive events and that p in in the inclusive events is also obtained. Observed multiplicity distributions are analyzed by the Glauber-Lachs formula. Estimated value of p in from the observed multiplicity distributions is compared with that from the observed inclusive identical two-particle correlations.
Generating functional
In the QO approach, the n-particle momentum density in the semi-inclusive events is defined by,
where c 0 is a normalization factor. In Eq.(2), φ i (p) and f c (p) are amplitudes of the i-th chaotic source and a coherent source, respectively, and a i is a random complex number attached to the i-th chaotic source. The number M of independent chaotic sources is regarded to be infinite. In Eq.(1), parenthesis F a denotes an average of F over the random number a i with a Gaussian weight [5] :
The single-particle and the two-particle momentum densities are respectively given as
where r(p 1 , p 2 ) is a correlation caused by the chaotic sources and c(p 1 , p 2 ) is a correlation by the coherent source,
The GF of the semi-inclusive events is defined by the following equation,
From Eqs. (1) and (5), the GF is written as
where an additional constant Z sm [h(p) = 0] is added to the right hand side of Eq. (6) . Inversely, the n-particle momentum density in the semi-inclusive events is given from the GF as
.
The generating function for multiplicity distribution P (n) is given from Eq. (5) if function h(p) is independent from momentum p:
The multiplicity distribution (MD) is given from Eq. (7) as
Cumulants
The GF G sm [h(p)] for cumulants in the semi-inclusive events is defined by the following equation,
The n-th order cumulant is given by
From Eqs. (6), (8) and (9), we have an iteration relation for momentum densities,
The second summation on the right hand side of Eq. (10) indicates that all possible combinations of (j 1 , · · · , j i ) and (j i+1 , . . . , j n−1 ) are taken from (2, 3, . . . , n). The n-particle momentum density ρ n (p 1 , . . . , p n ) (n = 
where the following abbreviations are used,
and complex conjugates to the terms explicitly shown are denoted by c.c..
Multiplicity distribution
From Eqs. (10) and (11), we obtain a recurrence equation for MD,
where, with
In the followings, variables are changed from (p iL , p iT ) to (y i , p iT ), where y i is the rapidity of particle i. Correlations r(p 1 , p 2 ) and c(p 1 , p 2 ) are both assumed to be real, and parametrized as [8] ,
where ∆y = y 2 − y 1 , ∆p T = p 2T − p 1T , and p sm is the chaoticity parameter in the semi-inclusive events. It is assumed to be constant at present. Then, R j (p 1 , p 2 ) in Eqs. (13) and (14) is given by the following form,
, and
where
Recurrence equations, (17) and (18) can be solved [3] . Let F j be defined by
then, F j is given by a finite continued fraction [9] :
Therefore, P j and Q j are given respectively by
Then, A j and C j in Eqs. (15) and (16) are written respectively as,
Similarly, U j and W j are respectively given by
From Eqs. (12) and (24), following expressions are obtained:
The generating function for multiplicity distribution P (n) is given by
Then the differential equation for Π(z) is obtained from Eq. (12) as,
For j >> 1, Eqs. (25) and (26) 
where the average multiplicity n and the chaoticity parameter p in in the inclusive events are given by the following equations,
The multiplicity distribution P (n) is given from Eq.(30) as
where L n (x) denotes the Laguerre polynomial. Equation (33) is called the Glauber-Lachs formula [5, 10] . The KNO scaling function of the GlauberLachs formula is given by,
where I 0 (z) is the modified Bessel function.
Analysis of experimental data
At first, observed multiplicity distributions in Au+Au collisions at √ s = 200
AGeV [12] are analyzed by the scaling form
Results for Au+Au collisions and the estimated parameters from the analysis are shown in Fig.1 and Table 1 , respectively. The second order BEC function in the QO approach for the Gaussian source function is given by
It corresponds to correlation strength λ.
The correlation strength λ, estimated from the experimental data with full Coulomb corrections for 0.2 GeV/c < p T < 2.0 GeV/c for 0-30% centrality, is about 0.39 [13] , which is much larger than p in (2 − p in ) in Table 1 estimated from the multiplicity distributions. pp 900 GeV (NSD) pp 900 GeV (NSD) pp 900 GeV (NSD) pp 900 GeV (NSD) [14] . Then observed multiplicity distributions in pp collisions at √ s = 900
GeV [14] are analyzed by Eq.(35). Results and estimated parameters are shown in Fig.2 and Table 2 , respectively. The correlation strength λ, estimated from the experimental data for 0.1 GeV/c < p T < 0.25 GeV/c for |η| < 0.8, is 0.628 ± 0.133 [15] . It is not inconsistent with p in (2 − p in ) = 0.729 in Table 2 estimated from the multiplicity distributions for pseudorapidity range |η| < 1.0. Table 2 : Estimated parameters in the analysis of charged multiplicity distributions observed in pp collisions at √ s = 900 GeV [14] . 
Summary and discussions
The analytical formula for multiplicity distribution in the QO approach is derived. It becomes the Glauber-Lachs formula. A relation between the chaoticity parameter p in in the inclusive events and that p sm in the semi-inclusive events is obtained. Multiplicity distributions observed in the Au+Au collisions at √ s = 200 AGeV and in pp collisions at √ s = 900 GeV are analyzed by the scaling form of Glauber-Lachs formula. The correlation strength calculated with p in is compared with that measured from the second order BEC data. In Au+Au collisions, the former calculated with p in is much smaller than the latter measured from the BEC data. It would be caused by the fact that the centrality region for the data sample of MD is different from that for the second order BEC. It would be very interesting, whether both values are consistent or not, if the MD and the second order BEC are taken from the same centrality region.
In pp collisions, the former is not inconsistent with the latter.
